The Endangered Egyptian Vulture Neophron percnopterus congregates in communal roosts in the wintering areas and where food availability is high, where even a single threat might lead to substantial population declines. Thus, more research on the congregation sites is needed for timely detection of threats and effectively directed conservation measures. We studied bird numbers, use of roosting substrates and roosting habitat of wintering Egyptian Vultures in Ethiopia. Vultures were counted using the road-count technique in 2009, 2010 and 2013 along c. 600 km of roads in the Afar region. Over 1 000 individuals were counted each year and the sites with the highest congregations were identified. Nearly half of the birds were adults and the majority roosted on bird-safe types of electric pylons. Most of the Egyptian Vultures were found below 500 m above sea level, in bare areas, open savannas or grasslands, and their abundance was negatively related to the amount of cover of bush vegetation. The distribution of roosting birds was not affected by distance to human settlements. To avoid disasterous effects on the population of the Egyptian Vultures, we strongly recommend that the sites sheltering the highest numbers of roosting birds should be included in the Important Bird Area network, the use of poisons should be banned, and dangerous power lines should be insulated or substituted with safer types.
Introduction
The Egyptian Vulture Neophron percnopterus is a mediumsized scavenger, distributed throughout southern Europe, northern and central Africa, the Middle East, Transcaucasia, Central Asia and the Indian subcontinent (FergusonLees and Christie 2001) . Because of consistent and steep declines throughout its range, the species was up-listed from Least Concern to Endangered in the IUCN Red List in 2007 (Birdlife International 2008 with the global population estimated at 20 000-61 000 individuals (Birdlife International 2014a) .
The Egyptian Vulture is a long-distant migrant in the northern part of its range. Up to 10 000 Egyptian Vultures from Europe, Western and Central Asia enter Africa every autumn at four straits -Gibraltar, Sicily, Suez and Bab el Mandeb (Mundy et al. 1992) . These Palaearctic migrants winter predominantly in the Sahel zone (Thiollay 1989; Mundy et al. 1992) . Through satellite telemetry, Egyptian Vultures from Spain and France have been found to winter in Mauritania (Meyburg et al. 2004; Garcia-Ripollés et al. 2010) , Italian individuals winter in central-east Mali (Ceccolini et al. 2009 ) and the wintering grounds of the Balkan population are mainly in Chad and Sudan, and occasionally in Niger, Nigeria, Ethiopia and Yemen (Meyburg et al. 2004; BSPB 2013) . Wintering Egyptian Vultures can form large congregations as known in Chad (Salvan 1967) , Sudan (Meinertzhagen 1954) and in the Afar region in Ethiopia (Levy and Mendelsohn 1989; Sigismondi and Politano 1996; Ash and Atkins 2009) . Large congregations of wintering Egyptian Vultures were reported to roost on telegraph pylons in December 1958 in a vast area between Dire Dawa in Ethiopia and the border of Djibouti (Levy and Mendelsohn 1989) . Thirty-six years later a total of 1 473 Egyptian Vultures roosting on 75 km of power lines were counted in the Afar region, Ethiopia (Sigismondi and Politano 1996) . Although no data exist about where the Egyptian Vultures wintering in Ethiopia come from, there is evidence that some of these birds come from Asia (Ash 1981) , eastern Turkey (Buechley and Sekercioglu 2013) , south-eastern Europe (BSPB 2013) and possibly the Indian subcontinent (Angelov et al. 2013) . Furthermore, little is known on roosting substrates and habitat use of the species in its wintering grounds in the Sahel zone (but see Sigismondi and Politano 1996; Meyburg et al. 2004; Wacher et al. 2013) .
Egyptian Vultures wintering in the Sahel are exposed to a wide range of threats: electrocution (Angelov et al. 2012) , unintentional poisoning during predator control and use of pesticides, degradation of habitat, reduced availability of carcasses due to decrease in wild animal numbers and changes in livestock breeding combined with improved management of carcass disposal, direct persecution and acquisition of vulture parts for traditional medicine and fetish market (Wilson 1982; Nikolaus 2001; Rondeau and Thiollay 2004; Thiollay 2007; Ogada et al. 2012; Wacher et al. 2013) . If these threats operate in areas where vultures congregate in large numbers on migration or during wintering, losses could result in population-level consequences for the species (Angelov et al. 2012) . Therefore, profound and consistent research is needed for the congregation sites in order to detect timeously potential threats and effectively direct conservation measures.
We present data on the recent numbers, roosting substrates and roosting habitat use of Egyptian Vultures wintering in the Afar region, to serve as a baseline for future monitoring, as well as to give insight on the potential threats and conservation priorities for the species.
Material and methods

Study area
The Afar region is located in the eastern lowlands of Ethiopia and shares its eastern border with Eritrea and Djibouti. Most of the Afar region is below 1 000 m above sea level (asl) and the climate is very warm and arid, with a mean annual temperature of 35 °C and midday temperatures of over 45 °C (EWNHS 1996) . Rainfall is sparse and irregular -less than 200 mm y −1 over most of the north of the region, rising to about 500 mm y −1 in the south. Ethiopia is believed to have the largest livestock population in Africa with more than 4 380 000 cattle, goats, sheep and draught animals raised in only two out of five administrative zones of the Afar region -Zones 1 and 3 (CSA 2013), where the study transects were located.
There are five protected areas (Yangudi-Rassa National Park, Awash West, Gewani and Mille-Sardo Wildlife Sanctuaries and Reserves, and Afdem-Gewani Controlled Hunting Area) and four Important Bird Areas (IBAs; Lake Abe Wetland complex, Aliyu Amba-Dulecha, Awash Rivere Valley and Yangudi-Rassa National Park) in the region. Regarding land use, modern agriculture has expanded rapidly since the 1970s through the use of agrochemicals, particularly fertilisers and pesticides (EWNHS 1996) .
Data collection
This survey was conducted in December 2009 and 2010, and in January 2013 using the road-count technique (Thiollay 2006) . The route was c. 600 km long and followed the roads along the main power lines in the Afar region. The observation points (n  130) were located at an average distance of c. 5 km in areas with good visibility on the pylons, between 355 and 1 480 m asl. We counted all roosting Egyptian Vultures in a single direction along the main road from Addis Ababa to the border with Djibouti -from 10 km east of Nazret (Adama) to Serdo and three additional routes: (1) Awash to 15 km on the Dire Dawa road, (2) 30 km east of Bati to Mile, and (3) Semera to 10 km east of Asaita (Figure 1 ). Double counts of the same individuals were avoided by recording the unique codes of the first and last mapped pylons on each observation point. All Egyptian Vultures were aged following Clark and Schmitt (1998) : vultures in first plumage were considered as juveniles, second and third plumages as immature, fourth and fifth plumages as subadult, and adult plumage. Data were collected under suitable weather conditions for adequate visibility -no fog, heavy rain, etc., from 15:30 local time until darkness, by experienced observers.
All visible roosting substrates within a 2 km radius around observation points were investigated for roosting vultures. We classified the powerline pylons based on their design (i.e. types of insulators, crossarm configuration and distance between wires) following Janss and Ferrer (2001) and Manosa (2001) : (1) 
Data analysis
Analysis on the use of roosting sites and roosting habitats was based on a total of 4 643 power pylons and communication towers mapped in 2013. For land-cover analysis we used study plots by applying a 2 km buffer around the observation points based on the GlobCover data (Bontemps et al. 2011 ) using ArcGIS 10.1 software (ESRI, Redlands, CA, USA, 2012). The analysis for the distribution of roosting vultures in relation to the disctance to the settlements was conducted based on three intervals: 0-6 km, 6-12 km and 12 km. Non-parametric tests were applied for statistical analyses because data were not normally distributed and did not approach the normal distribution even after transformation. Statistical comparisons and correlations were computed in STATISTICA 7.0 (StatSoft, Inc., Tulsa, OK, USA, 2004). Means are reported  one SE. (Table 1) .
Results
Vulture numbers, age ratio and roosting sites
Discussion
Trends of roosting Egyptian vultures
The present study confirms that the Afar region in Ethiopia is sheltering the most significant known wintering congregation of Egyptian Vultures in еastern Africa ( One of the factors determining the formation of the wintering congregations of Egyptian Vultures in the Afar region could be the ability to achieve high foraging efficiency (Beauchamp 1999) . The species is known to congregate in communal roosts in areas where food availability is high (Donázar et al. 1996) and such congregations have been reported from the whole range of the species (Brown and Amadon 1968, Cramp and Simmons 1980) . Potential food for the Egyptian Vultures and other scavengers in the Afar region (Administrative Zones 1 and 3 ) are more than 470 000 animals that die annually due to diseases or other reasons and 127 000 more that are slaughtered (CSA 2013). Land degradation and overgrazing, which are widely increasing in the Afar region (Sonneveld et al. 2010) , may also contribute to the high mortality rates of the livestock in the area.
The present study shows relatively lower number of wintering Egyptian Vultures (c. 300 individuals less) in the Afar region in 2013 compared with 2009 and 2010. The difference is a result mainly of lower numbers of recorded Egyptian Vultures along the transect between Nazret and Awash. This might be explained by the shorter transect length (18 km less), different time period and some local movements of the wintering vultures (the survey in 2013 was conducted in January, whereas those in 2009 and 2010 were in December). However, this might also be a signal for a decline in the source populations. In general, a comparison of the data for wintering Egyptian Vultures in the Afar region collected after 2000 with information from the 1990s a total of 1 473 individuals counted for only 75 km of power lines; Sigismondi and Politano (1996) suggests declines in the numbers of wintering Egyptian Vultures in the area over the last 15 years.
Roosting substrates
We found that Egyptian Vultures in the study area roost only on powerline pylons and communication towers, in accordance with what was previously reported for the area (Sigismondi and Politano 1996) . Powerline and telegraph pylons are 'traditionally' used for roosting also in other parts of the wintering grounds, e.g. in Port Sudan (Meinertzhagen 1954; Angelov et al. 2012 ). However, it is known that at congregation sites the species uses other substrates for roosting as well. Communal roosts on trees are reported from Istanbul (Turkey), Macaronesian islands (Cramp and Simmons 1980), Egypt (Goodman and Atta 1987) , Socotra (Porter and Suleiman 2012) and Spain (Ceballos and Donázar 1990 , Donázar et al. 1996 , Margalida and Boudet 2003 , where Egyptian Vultures mainly use large dead trees (Ceballos and Donázar 1990) . Less often, roosting may be on cliffs in Menorca, Spain and Socotra (Congost and Muntaner 1974; Donázar et al. 1996; Porter and Suleiman 2012) or even on the ground in Sudan (Meinertzhagen 1954) .
In many treeless areas where availability of perches and roosts may limit raptor populations, electrical powerline structures are readily utilised by many raptor species (Stahlecker 1979; Olendorf et al. 1981) . In the middle of the twentieth century, Meinertzhagen (1954) reported a large concentration of Egyptian Vultures near Port Sudan, with roosts of 200 birds on telegraph pylons and 'many more' roosting on the ground. Levy and Mendelsohn (1989) reported another large congregation of the species seen in 1958 roosting on telegraph pylons in Afar. These records show that, in the absence of suitable trees or cliffs, in areas with high food abundance Egyptian Vultures may roost even on the ground or use different artificial structures. With infrastructural development and electrification of African countries, more powerlines have been built and recent surveys proved that Egyptian Vultures are often utilising powerline pylons as roosting substrates (Sigismondi and Politano 1996; Angelov et al. 2012) . We found that the majority of Egyptian Vultures were roosting on high-voltage powerline pylons and communication towers, which are the highest artificial structures in the area. This is in agreement with the known fundamental factors determining the selection criteria for roosting substrate -the size of the substrate (to support more birds at a time) and easy access (Ceballos and Donázar 1990) . We speculate that roosting high above the ground in densely populated areas seems to be beneficial for the vultures also in terms of safety and is expected to be related with lower disturbance rates (Beauchamp 1999) . (EWNHS 1996) , which supports large livestock populations characterised by high annual death rates (10.7%) (CSA 2013), thus ensuring high availlability of food for scavengers. Due to the shrinking area of grazing lands and water shortages in these dry open habitats, livestock are forced to trek further in order to find feeding grounds and sufficient water supplies (UN-EUE 2002; Ilyin 2011). Therefore, animals are using a significant portion of their energy for basic maintenance (Ilyin 2011) . Prey mortality may be a more important driver of vulture habitat use than prey abundance and in the Mara-Serengeti ecosystem different vulture species show greater use of migratory herds of wild ungulates during the dry season, when migratory-herd mortality is high (Kendall et al. 2013 ). The production system of the Afar region is dominated by pastoralism. Pastoralists in Afar raise goats, sheep and cattle in the desert and live in temporary settlements outside villages and towns (Flood 1975) . Even though our results indicated that the roosting distribution of the species was not directly related to the distance to major settlements, this could be explained by the existence of temporary settlements and the overall high abundance of livestock in the whole area. Our results confirm that the spatial distribution of roosting Egyptian vultures depends on the availability of roosting substrates and food (Donázar et al. 1996) .
Habitat use
Potential threats
Considering the significant numbers of roosting Egyptian Vultures in Afar, every potential serious threat may have disastrous effects on the global population and should be considered as a major concern. Ash and Atkins (2009) reported Egyptian Vultures in Ethiopia as frequently found dead, unlike the other vultures. In the present study we did not find any dead Egyptian Vultures. Two Marabous Leptoptilos crumeniferos were found dead on the rubbish dump of Logya, with no cause of mortality identified. The most serious potential threat for the Egyptian Vulture in the region seems to be non-intentional poisoning. Poison baits with strychnine are widely used by veterinary departments in Afar targeting stray dogs (YDA and VA pers. obs.), but this common practice poses a high risk of poisoning or secondary poisoning for the Egyptian Vulture and other scavengers. According to the official procedure poisoning takes place after a special request from the village chief. It is stated that all dead dogs are collected and buried, but this seems not to be the case in Addis Ababa where until April 2013 at least 12 000 stray dogs were poisoned, in relation to the potential and growing concern of the risk of rabies to society, and dumped unburied at the city dump (Yilma 2013) . This may cause mass poisoning of vultures as they tend to congregate around carcasses. Egyptian Vultures are even more susceptible because they feed on smaller items and may become victims of direct poisoning after consumption of poisoned baits (Carrete et al. 2007 ). However, more information needs to be collected about the magnitude, scale and timing of these poisoning events in the Afar region in order to address adequate conservation measures. Another potential threat to the species in the Afar region is electrocution. The Egyptian Vulture is susceptible to electrocution due to its habit of perching and roosting on powerline pylons (Donázar et al. 2002; Angelov et al. 2012) . In Africa, large roosting congregations on pylons are reported from Sudan and Ethiopia (Nikolaus 1984; Sigismondi and Politano 1996) . Egyptian Vulture roosts are always located near important and predictable food sources (Donázar et al. 1996) , thus dangerous powerlines built in these areas may serve as 'deadly traps' for the species (Angelov et al. 2012 ). Electrocution seems not to be of major concern in the study area as only 4% of the Egyptian Vultures were observed roosting on dangerous low-voltage types of pylons, whereas the majority of the vultures prefer the safe high-voltage pylons. However, in 2010 local people reported the electrocution of several Egyptian Vultures near the town of Metehara (BSPB and EWNHS unpublished data), which underlines the importance of this potential threat.
Implications for conservation
Considering the magnitude of the congregation of wintering Egyptian Vultures in the Afar region, precautionary measures need to be undertaken in order to avoid disasterous effects on the global population. All identified sites regularly sheltering significant congregations of the species that are not still under protection should be included in the protected areas network. The area around Bati, Mille, Logya and Serdo should be included in the IBA network because it meets the criteria for an A1 type IBA for globally threatened species through the regular presence of significant numbers of Endangered species (BirdLife International 2014b).
The deteriorating conservation status of the Egyptian Vulture seems primarily linked to incidental mortality from feeding on poisonous baits or deliberately poisoned carcasses to control mammals regarded as pests (Iñigo et al. 2008; Hille and Collar 2011; Virani et al. 2011) . Therefore, the widespread practice of mass poisoning of stray dogs in the Afar region, and Ethiopia as a whole (Yilma 2013), should be strictly prohibited and replaced by alternative methods allowing efficient control of the stray dogs numbers and spread of epidemics, e.g. vaccinations and reproduction control by encouraging the castration of male dogs (Kitala et al. 2001; Hemson 2009 ). Moreover, the sites where poisoned animals could be available for scavengers, e.g. dump sites (Yilma 2013), should be regularly controlled by the local authorities for poisoned animals and dead scavengers.
Relatively low number of Egyptian Vultures were using dangerous types of pylons for roosting. However, consistent losses because of electrocution over large periods may cause declines in the source populations of this Endangered species (Angelov et al. 2012) . Therefore, insulation of dangerous powerlines in the sites of congregations of the species in the Afar region or their substitution with safer types of power lines is strongly recommended. New powerlines in the areas important for wintering congregations of Egyptian Vultures should make use of safe pylons or be placed underground. 
